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Feuerbrand: Epidemiologie und Bekämpfung (1921-1996) 
By Jean-Pierre Paulin 
1 Epidemiology and control of fire blight as seen in 
1921 
1.1 Epidemiology 
Fire blight is a disease of plants belonging to the Maloideae 
section of the family Rosaceae. Formerly known in North Amer-
ica only, it is now increasingly common in Europe. It is the first 
disease for which a bacterial origin has been demonstrated. At 
that time (1896) the microorganism responsible for the disease 
was called Bacillus amylovorus. Today, under the name of Er-
winia amylovora, this bacterial species is still a pathogen of con-
siderable importance in orchards (apple and pear), in nurseries 
(including ornamental plants: Pyracantha, Cotoneaster, Ame-
lanchier), as weIl as in landscaping and even forestry (Cratae-
gus, SO/·bus). Symptoms on apple trees are shown in Plate 1. The 
permanent interest in fire blight is due mainly to two character-
istics of this disease: 
• its spread in the temperate zones of the world appears to be un-
avoidable, 
• its control, as is the case with most bacteria diseases of plants, 
is feasible, but complex, and almost never complete. 
For certain reasons it appeared to me that to present some fea-
tures of epidemiology and control of fire blight it would be suit-
able today to begin with a summary of what was known about the 
disease in 1921, that is 75 years ago. This will be our introduc-
tion. 
Fig. 1. Worldwide distribution 01 lire blight (1921). 
1.1. 1 Geographical extension 
Fire blight, as shown in Figure 1, is then almost exclusively a dis-
ease of the North American continent: The United States and 
Canada are contaminated, at least partiaIly. Nevertheless it is no 
longer possible to say that it will remain a disease restricted to 
this area: the first outbreak outside this continent has been re-
cently (1919) detected and confirmed in New Zealand: a long 
distance transport of the bacterium is therefore known to be fea-
sible, even though the actual way the bacteria was introduced 
into New Zealand is not known. A potential danger was then to 
be considered for other pear and apple production areas, among 
which Europe is not the least important. 
1. 1.2 Ufe cycle of the disease 
Knowledge ofthe cycle, in 1921, is directly derived from the ob-
servation of symptoms. The role of exsudate in disease transmis-
sion is weH known, as weIl as the fact that most infections take 
place through the flowers. 
The cycle shown in Figure 2 conld have been drawn 75 years ago. 
The main differences with what we now know could be the fol-
lowing: 
• much emphasis is given to the role played by insects: polli-
*) Vortrag anläßlich des Festkolloquiums ,,75 Jahre Institut für Pflanzen-
schutz im Obstbau" der Biologischen Bundesanstalt für Land- und Forst-
wirtschaft am 14. Juni 1996 in Dossenheim 
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nating as weil as chewing, sucking and boring insects are 
claimed to be active in infection, and even a certain level 01' 
specificity between some insects and their role in disseminat-
ing the bacteria is supposed, 
• direct entry 01' the bacteria into the plant is thought to be pos-
sible only in flowers (through nectaries). Otherwise infection 
reguires a wound on the plant surface which is supposed to be 
caused mainly by insects, 
• conseguently climate is not supposed to playa leading role in 
infections, although it is observed that warm and wet weather 
favour the severity 01' the disease, 
• no mention is to be found at that time 01' the specific risk in-
duced by the presence 01' secondary blossoms, 
• a very important role is already attributed to cankers in the 
overwintering 01' the bacteria, and in the climatic conditions 
favouring the release 01' bacteria from cankers. 
1.1.3 Hast plants 
The list 01' known and suspected host plants (1921) is given in 
Table 1. Apple and pear are the most frequently infected, as weB 
as guince. Hawthorn is known (or supposed) to be the original 10-
cal host 01' the disease. But little attention is paid to ornamentals, 
although Pyracantha and Cotoneaster are known to be host 
Table 1. Host plants of fire blight, 1921 
Amelanchier 
Cotoneaster 
Crataegus 
Cydonia 
Fragaria 
Malus 
Prunus 
Pyracantha 
Pyrus 
Rosa 
Spirea 
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Fig. 2. Disease cycle of fire blight 
(1921 ). 
Key factors: 
CD Pollinating insects 
@ Sucking and boring insects 
@ Climatic influence 
plants 01' fire blight. The most striking difference with a list that 
we would produce today is the presence 01' three non-Maloideae 
species (Fragaria, Prunus, Spirea) without any comments. This, 
added to the fact that other lists indicate poplar, aspen, butternut 
as normal host plants 01' fire blight, shows that the concept 01' 
specificity 01' Envinia amylovora for Maloideae is not yet clearly 
expressed. 
1. 1.4 The pathogen 
The bacteria responsible 01' fire blight is precisely described. It is 
known to be a typical Gram negative bacteria, non spore-form-
ing, motile, capable 01' fermentation 01' glucose, and incapable 01' 
nitrate reduction. The description which is given then allows the 
proposal 01' taxonomists to place this bacteria in the genus Er-
willia in the family Enterobacteriaceae (while it was formerly 
named Bacillus). Envinia amylovora, proposed in 1920 
(Winslow) was to be the officially accepted name in 1923. The 
fact that the name has not changed since is an indication that the 
description 01' the organism was soundly based. 
Conversely, very little is known on the reasons why this bac-
teria is pathogenic for plant tissues. It is known that no pectinase 
are produced, and the roIe 01' a toxin is suspected. It has been ob-
served that the first reaction, in infected tissues, is a plasmolysis 
01' cells. The localization 01' the bacteria in the interceBular spaces 
is usually agreed upon. 
1.2 Control (Figure 3) 
According to what was known or assumed on the life cycle 01' the 
disease, control was mainly aimed at two targets: hold over 
cankers, and insects. It seems weIl established that the removal 
01' symptoms as soon as they appear reduces drastically subse-
quent infection. 
1.2. 1 Cankers 
Sanitation 01' cankers by surgery and/or by the use 01' chemicals 
was strongly advised. Heavy metals or organic antiseptics (Table 
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Fig. 3. Contral 01 lire blight (1921). 
Contral measures: 
CD Insect contral after pollinization 
@ Insect control (sucking and boring 
insects) 
® Pruning out 01 symptoms 
@ and ® Sanitation (scraping and 
chemical sterilization 01 cankers) 
Overwintering 
Overwlntering 
2) were recommended, by drenching, spraying or painting. The 
same chemicals were suggested to disinfect pruning tools. 
Table 2. Horst plants of fire blight, 1921 
Active ingredients 
Mercuric bichloride 
Mercuric cyanide 
Lead arseniate 
Zinc chloride 
Cresol 
Formalin/glycerin 
Formalin 
Ume sulphur 
1.2.2 Blossoms, shoots 
Application 
Painting 
or 
drenching 
(cankers) 
Injection (trunk) 
Spray (Ilowers) 
It was suggested that a completely efficient control of insects 
would stop, or at least limit considerably, the spreading of in-
oculum, as weil as infections. Unfortunately such a complete 
control was not feasible. 
Surprisingly, sprays on flowers or young shoots were not con-
sidered to be as important in chemical contro!. Although Bor-
deaux (copper sulphate) had been recently suggested as an effi-
cient chemical, its use was not yet common for fire blight con-
trol, not even advised, probably for fear of phytotoxicity. 
1.2.3 Cultural practices 
Cultural practices were recommended to avoid infections: it had 
already been observed that actively growing plants were more 
prone than others to severe fire blight. Similarly, top irrigation 
was discouraged. 
Differences in susceptibility between cultivars were known 
(Table 3) and, obviously, the advice was to plant less susceptible 
cultivars: the choice was not so easy, especially in the case of pear, 
where 40 % of available varieties were susceptible to fire blight. 
Dissemination 
Infection 
Incubatlon 
Infectlon 
Incubation 
If we summarize now what was known on fire blight in 1921, 
we will underline the following: 
• fire blight is a bacterial disease of Rosaceous plants (exc1u-
sively), mainly Pomoideae, which is common in North Amer-
ica, recently introduced into New Zealand, 
• the microorganism responsible for the disease is a typical 
Gram negative bacteria, which belongs to the large family of 
Enterobacteriaceae (fermentative, motile . . .): Envinia 
amylovora, 
• the bacteria penetrates the trees through flowers and wounds 
on shoots and branches. It stays in cankers and lesions during 
winter, 
• its dissemination takes pi ace with the dispersal of exudate, 
produced from lesions in wet conditions. Insects playa key 
role in this short and mid-distance spreading, 
• long distance transportation of the disease (to other countries) 
is a potential danger. Quarantine is an advisable procedure to 
use for non-American countries, 
Table 3. Breakdown of available apple and pear varieties into 
classes of resistance to fire blight (1925) 
% 01 cultivars Resistant Moderately resistant Susceptible Variable 
Apple (*) 
Pear (**) 
28 
11 
(*) Total number: 193 
(**) Total number: 287 
27 
40 
28 
40 
17 
9 
• the disease is known to be more severe on actively growing 
trees in warm and wet weather. But the bases of pathogenicity 
of the bacterium are not known. 
• control of fire blight is complex. It is mainly based on sanita-
tion of cankers (scraping plus chemicals) and on the limitation 
of insect activity. Bactericidal sprays of chemicals on flowers 
are not standard. 
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Color plate 1 
A - Fire blight 01 eider apple (Peau de Chien) , general view (R. CHARTIER -
INRA). 
B - Blossom inleetion (eider apple) (R. CHARTIER - INRA). 
C - Shoot inleetion (eider apple) (R. CHARTIER - INRA) . 
0- Rootstoek inleetion on apple (P. LECOMTE - INRA). 
• cultural practices are recommended to limit the severity of the 
disease ; among them the cboice of a resistant variety is im-
pOl·tant. 
Therefore much was already known , in 192 1, on the di sease 
and its epidemiology. Nevertheless, its control was then consid-
ered as difficult, leading to poor results, if any. What is the situ-
ation 75 years later, in 1996? 
2 Epidemiology and control of fire blight: 1996 
2.1 Epidemiology 
2.1.1 Geographical extension (Figure 4) 
Fire blight is now present in all the countries of the European 
Union, except Portugal, and in a number of other countries in Eu-
rope. What is worse is that the disease in some of these countries 
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is so common that it is not even surveyed. The same situation 
seems to be prevalent in Mediterreanean countries (excluding 
N0l1h-Africa), and in the Middle Eas t. Surprisingly enough the 
southern bemisphere, with the al.ready noted exception of New 
Zealand, is still free of fire blight. 
2 . 1.2 Cycle of the disease 
Several graphical representations of tbe cycle of tbe disease have 
been proposed. Tbe one shown in figure 5 is an example of sucb 
a representation: recent, 0 1' less recent data have contributed to a 
more complex perception of thi s cycle. 
Mode of entry of the bacteria into the plant, life of the bacte-
ria on plant surface, internal inoculum and role of the climate in 
different phases of the disease seem the main four points of new 
information (as compared witb 192 1!) to be be pointed out. Here, 
we will consider them successively. 
C 
o 
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Fig. 4. Geographical extension 01 lire blight in Europe (1996). 
2.1.2.1 Mode of entry of the bacteria into the plant 
Infection (i.e. penetration of the bacteria into the plant) takes 
place through natural openings (nectaries, hydathodes, and sto-
mates) as well as through wounds. Insects are considered to play 
an important role in the spread of inoculum (especially pollinat-
ing insects), but the role ofboring or sucking insects in the inoc-
ulation of the disease into the plant tissue is no longer thought to 
be so importanl. 
Much attention has been paid to flower infection: flowers are 
considered to be the most frequent way of entry of the bacteria: 
Erwinia amylovora when introduced into a flower is able to mul-
tiply on the surface of the stigma and to reach a certain level 01' 
population. Then, nnder certain climatic conditions (high hu-
midity), they colonize the nectaries and invade plant tissues, in 
Fig. 5. Disease cycle 01 fire blight 
(1996). 
Key factors: 
CD Pollinating insects 
@ Climate (temperature and rain) 
® Climate (storms ... ) presence of 
secondary blossoms Overwlnterlng 
Overwintering 
intercellular spaces. This indicates that the bacteria may be iso-
lated before infection occurs, and that some time is required be-
tween the introduction of the bacteria into the flower and the in-
fection into nectaries. The positive chemotaxis expressed by E. 
amylovora towards some components (organic acids) 01' the nec-
tar has been demonstrated. The presence of significant levels 01' 
bacteria in the flowers before any symptom is visible has been 
used as a basis for monitoring on the assumption that an increase 
in bacterial population in flowers is an indication 01' high risks 01' 
infection, and therefore should be taken as a signal to spray. 
It has been observed also that sometimes entry of bacterial 
population into flowers does not lead to infection and symptoms 
which indicates that climate is a key factor for these blossom in-
fections. 
Infections on secondary blossoms are in some instances of CfU-
cial importance, because these flowers are present on the trees in 
late spring or summer under a climate which is likely to be more 
favourable to the disease. This fact had probably been known for 
a long time, but it is interesting that it was not given any atten-
tion, in Europe; it has been "re-discovered" in England, The 
Netherlands, and in France through the role 01' the pear varieties 
'Laxtons's Superb' , 'Packham's Triumph', and 'Passe Crassane', 
respectively, which has been evident in the spread of the disease. 
One wonders if the absence 01' these secondary blossoming cul-
tivars would have prevented the rapid spreading of the disease in 
Europe (or even its installation in South East England?) 
Shoot infection takes place ne ar the tip of actively growing 
shoots. While insects were formerly supposed to be the major 
cause of infection, we now know that infections may take place 
even without a wound on young tissues (shoots and leaves) pro-
vided the level of moisture is high. Therefore here again climate 
plays a role in infection. 
2.1.2.2 Life of the bacteria on plant surface 
The term "epiphytic multiplication" has been sometimes applied 
to E. amylovora. This characteristic, which expresses the ability 
COlonization 
Infection® 
Incubation 
Dissemination ® 
Infection@ 
Incubation 
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of a pathogenic bacteria to multiply on plant surface without 
causing any symptoms is more usually rest1'icted to some 
Pseudomonas syringae and Xalltho111onas campestris pathovars. 
For these pathovars, such activity on the leaf surface is anormal 
part of their cyde. 
For E. (/11lylovora, we have already mentioned that a bacterial 
multiplication may be no ted in flowers before infection. From 
leaves of symptomless plants, bacterial population may be iso-
lated in certain cases. This does not imply that the bacteria is re-
ally able to multiply for long without infecting the host plant: 
therefore it is hardly possible to use the word "epiphyte" for E. 
amylovora. In addition, isolation of the bacteria from leaf smface 
seems to be very successful only when symptoms are already ac-
tive nearby. These bacteria can therefore be assumed to originate 
from exsudate produced by the lesions, and their presence may 
not be as constant as that of atme epiphyte. 
Nevertheless these "surface" populations, as weil as the symp-
tomless colonization of flowers, even if transient, show that one 
cannot rely solelyon the observation 01' symptoms to desCIibe 
completely the cyde 01' the disease. 
2.1.2.3 Internal inoculum 
We now know that a healthy looking plant may bear pathogenic 
bacteria on its surface, even ifit is for a shortperiod oftime. What 
about E. amy/ovom inside plant tissues? In anormal pathogenic 
situation the cells of E. amylovora invade the intercellular spaces 
of cortical parenchyma, and their multiplication induces death of 
cells, tissue necrosis, and exsudate production - the well-known 
symptoms of the disease. 
Electron microscopy gave evidence of bacterial cells in the 
vessels of the xylem, but their role was not understood and 
obviously xylem in an infected shoot does not show any 
symptom, as compared with symptoms produced in its host by 
a typical vascular pathogen. It seems now that in some cases 
E. amy/ovora may be "trapped" in xylem vessels, where it 
stays alive for a long period, without provoking any local 
symptoms. This can allow the bacteria to move fast and far 
into the plant, and to induce symptoms far from the point of 
infection. Such an explanation is given to the now more and 
more commonly discovered symptoms on rootstocks, mainly 
in apple orchards, in the years following fire blight blossom or 
shoot infection. The detection of low level of bacterial popula-
tion in the trunk of inoculated apple trees supports this hy-
pothesis. An internal translocation is possible. The bacteria 
can stay unseen (tor ever, 01' for long periods) according to 
conditions not yet specified. 
Table 4. Risk assessment approaches and warning systems 
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The frequency of this phenomenon is not known, nor are the 
conditions of the occurrence. But it may provide an explanation 
for some yet-unexplained outbreaks of the disease when no ex-
ternal source of inoculum seems likely. 
2.l.2.4 Conditions for infection 
Althougth insects (in particular pollinating insects) are still con-
sidered to be important in the spread of inoculum, and subse-
quent plant infection, it is now dear that dimatic factors pay a 
key-role in thc cycle ofthe disease. 
Two dimatic factors are determinant in favouring infections: 
temperature and rain (and/or relative humidity). A number of 
studies have been made in NOlthAmerica as weIl as in Europe to 
determine values, thresholds and/or combinations of these para-
meters which would indicate suitable conditions for infection. 
These are the bases ofwaming systems, and risk assessment sys-
tems which are aimed at providing guidelines for modem control 
(Table 4). 
In addition, it has been shown that wind-driven rain plays an 
active role in the spread of the bacteria, and the ability of E. 
amylovora to be present in aerosol has been demonstrated. The 
role of hailstorms which is determinant in some cases, and which, 
quite surprisingly, had not been underlined before, is now given 
much attention, especially in apple orchard infection. The influ-
ence of climate on infection, and on the following stages of the 
disease is obviously the explanation in part at least of the erratic 
behaviour of fire blight from year to year in the same location. 
2.1.3 Hast plants 
In plant pathology the concept 01' compatibility and incompati-
bility between a pathogen and a plant has helped in the definition 
of host range. A host plant is a plant on which the pathogen will 
induce the disease reaction, and not the hypersensitive reaction. 
Although the limit between both is not always as deal' as wished, 
this now allows us to describe the list of host plants of Envinia 
amylovora as the complete list 01' plants included in the Mal-
oideae (ex Pomoideae), of the Rosaceae family (Table 5). 
To complete the picture, we should add that a very closely re-
lated bacteJium, E. amy/ovom f. sp. rl/bi, has been described in 
North America. It infects Rublls sp. but not Maloideae. In addi-
tion, strains of E. omylovora, which are able to infect apples and 
pears, have been sometimes isolated from necrotic Prunus sp (of-
ten Prunus salicina). Inoculated on these plants, astrain of E. 
amy/ovora from apple or pear pro duces symptoms (evolutive 
necrotic lesions). But it seems that the bacteria are unable to 
overwinter in PrWlllS sp. under natural conditions. 
Year Country Authors and (name) Emphasize (*) Characteristics 
1955 
1961 
1965 
1977 
1980 
1987 
1988 
1988 
1990 
1990 
1991 
1995 
1995 
USA 
USA 
USA 
USA 
U.K. 
US 
US 
U.K. 
US 
F 
USA 
G 
U.K. 
MILLS 
LUEPCHEN et al. 
POWELL 
THOMSON et al. 
BILLING (BOS) 
SCHWAGER et al. 
ZOLLER et al. 
BILLING (BRS) 
STEINER (MARYBLYT) 
JACQUART et al. (FIRESCREENS)** 
SMITH (COUGARBLIGHT) 
BERGER et al. (FEUERBRA, ANLAFBRA) 
BILLING (BIS 95) 
(*) 1: climate (past and forecast data) 
2: 1 + inoculum (release and spread) 
3: 1 + 2 + plant (phenology and growth) 
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1 
1 
1 
2 
3 
3 
2 
3 
3 
3 
1 
3 
3 
Temperature -18°C + rain, RH/blossom 
Temperature -18°C + rain, RH/blossom 
Temperature -18°C + rain, RH/blossom 
Temperature line/16,r to 14,4° 
Temperature, rain/blossoms, twigs bacterial multiplication 
Comprehensive, not complete 
So hours, rain, RH "epiphytic" bacteria/flower 
Temperature, rain thresholds. PD/bacterial multiplication. 
Insects 
Comprehensive, temperature, rain, RH, So hours 
Climatic BILLING (BOS) modified approach 
So hourslblossom 
Temperature and rain thresholds mean temperature .. , 
**french version: PAREFEU 
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Table 5. Host plants of fire blight 
Name 
Ame/anchier 
Aronia 
Chaenome/es 
Cotoneaster 
Crataegus 
Cydonia 
Dichotomantes 
Docynia 
Eriobotrya 
Ma/us 
Mespilus 
Osteome/es 
Peraphyllum 
Photinia 
Pyracantha 
Pyrus 
Raphio/epis 
Sorbus 
Stransvaesia 
Use 
Ornamental 
Ornamental 
Ornamental 
Ornamental 
Ornamental, forestry 
Fruit 
Ornamental 
Ornamental 
Fruit, Ornamental 
Fruit, Ornamental 
Fruit, Ornamental 
Ornamental 
Ornamental 
Ornamental 
Ornamental 
Fruit, Ornamental 
Ornamental 
Ornamental, forestry 
Ornamental 
Nevertheless, we can think now that the host range of E. 
amylovora is not so strictly defined, and, that it may be able to 
change slightly under certain (extreme?) environmental condi-
tions. Similarly, "strains" of the pathogen with specific patho-
genicity for certain genotypes (resistant to standard strains) have 
been described in North America ("differential virulence") and 
the existence of "races" in this pathogen, although not yet 
demonstrated, can be suspected. 
2. 1.4 The bacteria 
Even if we restrict the recent knowledge that we have now on the 
bacteria to the features directly linked to epidemiology (survival, 
pathogenicity) the amount of new data concerning the bacteria is 
impressive. The cause of the pathogenicty of E. amylovora for its 
host is still unknown, at least as far as molecular aspects are con-
cemed. Nevertheless some of the basis of pathogenicity are now 
known. 
Two factors at least are required for pathogenicity: 
• a capsule, exopolysaccharide (EPS) surrounding the bacterial 
cell, is necessary: all non-capsulated cells are avirulent, 
• another factor is required (because not all capsulated cells are 
pathogenic). This factor could be a leakage agent, responsible 
for the long observed plasmolyse of the plant cells, which is 
the first expression 01' the disease at the cellular level. 
The genes involved are presently at least localized, and at best 
dissected ; they are situated on the bacterial chromosome. A 29 
kb plasmid, which seems to be fairly constantly present in all E. 
amylovora strains, does not playa leading role in pathogenicity. 
A brief summary 01' our present knowledge on genetics of path-
ogenicity can be presented as follows: like other necrogenic bac-
teria (P. syringae, X. campestris), E. amylovora pathogenicity on 
host plant, as weil as hypersensitivity on non-host plant, depends 
on a cluster 01' genes (lllP hypersensitivity reaction pathogenic-
ity). This cluster is preliminarily involved in a secretion system 
III, similar to the one found in some bacteria pathogenic to ani-
mals. In addition, at least one protein, harpin, inducer 01' hyper-
sensitive reaction and essential for pathogenicity is coded by a 
gene from this cluster and released through the lup excretion 
pathway. 
A nearby small region, called dsp (disease specific) is neces-
sary, in addition to 'up, to produce symptoms on host plants: it is 
likely that proteins, coded by these genes, excreted through 'up 
system, interact with the host plant to in du ce symptoms. This re-
gion seems to be specific to E. amylovora, although first denom-
inated in Ralstonia solanacearum. 
Another cluster of genes, ams, (amylovoran synthesis) is ab-
solutely necessary for pathogenicity. These genes are involved in 
EPS (= amylovoran) synthesis, in vitra and in planta: this con-
firms the key-role of the capsule 01' bacterial cells. It can be ex-
pected as weil that these polysaccharides, playing a protective 
role, play an important role in the ability ofbacteria to survive in 
the open, and therefore confer to E. amylovora part 01' its prone-
ness to spread in the field. 
Other genes are now known to playa role in pathogenicity, 
even if only at a quantitative level: 
• genes encoding synthesis 01' desferrioxamine, a siderophore, 
and its receptor (fox R). This molecule often found in bacteria 
pathogenic for animal allows the pathogen to multiply in en-
vironment with very low iron concentration: this is actually the 
case for the plant extracellular spaces in which E. amylovora 
is introduced during the infection process, 
• genes (unknown) involved in the synthesis of a putative toxin, 
which kills the plant cell, and which seems to be induced in the 
presence 01' the host tissues. 
2.1.5 Strains ot Erwinia amylovora 
E. amylovora has long been said to be a very stable species (and 
is still considered to be). Few significant variations between 
strains are noted between isolates from different hosts or geo-
graphical origins. The only variants were avirulent strains (cap-
sulated or non capsulated), isolated sometimes from lesions, later 
strains resistant to streptomycin, and the pathogen of Rubus, E. 
amylovora f. sp. rubi, unable to infect Maloideae. 
The study of the genomic DNA of Envinia amylovora and 
some recent results could indicate that this homogeneity is more 
apparent than real. For example studies on the 29 kb plasmid 
show that some characteristics seem to be shared by few strains 
only, recently isolated from Austria and South Germany. 
We have already mentioned the differential virulence 01' some 
American strains for genotypes of apple; in addition, astrain 01' 
E. amylovora from Pyrus seratina, isolated in Japan, has been re-
cently studied in USA. It is an Envinia amylovora similar to 
other strains, but its host range seems to be restricted to few cul-
tivars 01' apple . 
All these data could indicate that the image 01' strong homo-
geneicity that we have of E. amylovora at present will have to be 
revised soon. This could provide better understanding 01' the re-
lationship of the bacteria with different hosts and the evolution 
01' the pathogen, as weIl as tools for tracing new extension of the 
disease back to their origin. 
2.2 Control 
The hope is that the amount 01' new data on the disease, its epi-
demiology and its causal agent, joined to the general improve-
ment in our knowledge in microbiology and plant pathology, will 
allow us to solve the problem 01' fire blight contro!. 
This hope seems particularly reasonable when we recall that, 
since tens 01' years, antibiotics have been shown to be very effi-
cient, and sometimes inexpensive chemicals against bacteria. 
Some human and animal diseases have disappeared, probably for 
ever, following their use in medical and veterinary sciences. Is 
this the case for fire blight? 
Not precisely; we will describe now what is today available for 
the control of fire blight. 
2.2. 1 Potential tor control 
2.2.1.1 Chemical 
In the standard approach to controlling bacteria, two families 01' 
active ingredients are usually used: heavy metals, and antibiotics. 
This is also true in plant pathology. Bordeaux mixture (copper 
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sulphate) is currently probably the most popular chemie al against 
fire blight in Europe, although a number of other copper com-
pounds have been tested with success and are used in the field 
(ammoniacal sulphate, hydroxide, oxychloride ... ). Antibiotics 
are very efficient antibacterial agents. Among them, strepto-
mycin is the one used most frequently in fire blight contro!. 
When it is not available (see below) flumequine, a synthetic an-
tibiotic, is registered in some countries. 
Problems with these two families of components arise from: 
phytotoxicity, especially on blossom and fruit, for copper com-
pounds; risk of resistance (including transferable resistance) to 
the chemie al for copper and streptomycin ; and high cost for 
flumequine. Consequently, copper compounds are not recom-
mended for spraying during certain periods, and streptomycin is 
allowed only under strict regulation (or banned in certain coun-
tries, e.g. France), and flumequine is not widely used. Few other 
compounds like Phosetyl-aluminium, which is supposed to en-
hance plant defense responses, and which had some effect on fire 
blight, have sometimes been recomrnended. But their effective-
ness seems to be somewhat irregular in the field. In conclusion, 
although diverse sources exist for sprays against the disease, 
chemie al control cannot be considered a simple approach. 
2.2.1.2 Biological 
In spite of some success of biological control against bacterial 
diseases, no commercial use of this type of control is registered 
in Europe against fire blight. However, diverse biological tools 
exist which could be used in the case of this disease: bacterio-
phages (viruses specific to a given bacterial group), antagonistic 
bacteria inhibiting E. amylovora growth, (such as the epiphytic 
Panfoea herbicola, or Pseudomonas .fluorescens, which have 
long been known). In addition, avirulent forms of the pathogen 
have been shown to be able to stop the infection when inoculated 
together with the wild virulent strain. It is difficult to know 
whether specific problems with biological agents, or poor inter-
est from commercial companies, is at the origin of this lack of 
commercial availability. 
2.2.1.3 Genetics 
As already mentioned, within each host species of the disease, 
genotypes exist of very high, 01' conversely very low, suscepti-
bility to fire blight. This observation is the basis for control of the 
disease through the choice of the cultivars. A specific problem 
concerning this disease is that fruit trees are expected to be pro-
ductive for a long period: the choice of a susceptible cultivar may 
appeal' to be the proper one at the time of plantation because the 
disease is not present then, but may appear wrong a few years 
later, when the disease is introduced into the area. 
Creation of resistant cultivars by hybridization is fairly intense 
in Europe and NorthAmerica. In addition, attempts to genetically 
transform pear and apple genotypes by introducing into known 
high-quality varieties genes which playa role in promoting re-
sistance are active on apple and pear. In this respect, research in 
progress on the genetic and molecular basis of pathogenicty and 
resistance will be very helpful. 
2.2.1.4 Cultural methods 
As shown in the life cycle of the bacteria, the entry of the 
pathogen into the plant is not possible all year long: on the con-
trary, it is restricted to blossom (primary and secondary bloom), 
and to shoot growth pell0ds. Cultural practices which tend to 
limit blossom duration (pruning) and shoot growth (fertilization, 
soil water content), and proneness to secondm'y blossoming will 
be approaches which tend to limit the risk of infection. 
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2.2.1.5 Sanitation and quarantine 
Ooze containing bacteria may be continuously produced from in-
fee ted plantmaterial: this secondary inoculum is an important 
factor in disease dissemination within and outside the orchard or 
the nursery, and pruning out these blighted branches is a prereq-
uisite for any successful control of fire blight. Similarly, the use 
ofhealthy plant material is essential and this is the basis of quar-
antine measures which apply to fire blight host plants in Europe, 
while the disease is not (yet) endemie everywhere. The existence 
of intern al inoculum, as seen earlier, may be a problem here. 
2.2.2 Present status of contral of fire blight 
Even briefly and partially reviewed, potential tools against fire 
blight are numerous, but they are used to a very limited extend. 
In practice, two active means of control are taken into consider-
ation: sanitation and chemical contro!. On amid-term basis, ge-
netic control is not neglected, at least in areas where the disease 
is repeatedly destructive. 
2.2.2.1 Application of chemical control 
The standard procedure for chemie al control would be to apply 
(Table 6): 
• copper (i.e. Bordeaux mixture 250 g Cu/hl) before bloom (one 
spray), 
• streptomycin or flumequine (0,1 g/hl or 0,3 g/hl AI, respec-
tively) during bloom (three to five sprays), 
• copper or antibiotic during growing periods, according to the 
activity of the disease (symptoms) in relation to storms. 
This spray schedule should be associated with a careful and 
prompt removal (and sub se quent destruction) of any visible 
symptom (Figure 6). 
Because these sprays are active only if applied preventively 
(before the entry of the bacteria into the plant), such an automatie 
Table 6. A spray schedule for control of fire blight on apple and 
pear 
Time 01 spray application 
Spring (Pre-bloom or 
Bud-break) 
Spring (Blossom period) 
(at 3-5 days intervals) 
Summer (after sterms. 
secondary bloom) 
Winter (dermant season) 
Active ingredient (AI) * 
Copper 
Copper 
or 
Flumequine 
or 
Streptomycin 
Copper 
er 
Flumequine 
or 
Streptomycin 
Copper 
Concentration 
250 9 Cu/hl 
50-100 9 Cu /hl 
30 g/hl 
10 g/hl 
100 9 Cu/hl 
30 g/hl 
10 g/hl 
250 9 Cu/hl 
* Choice 01 AI will depend on wh at is permitted and on whether some 
risk 01 phytotoxicity Irom copper is acceptable 
schedule may sometimes be a waste of time and expense. Sprays 
must be applied before the symptoms become apparent: there is 
no obvious signal which indicates when to spray. This is why 
warning systems have been developed as an aid for growers to 
decide whether or not sprays (or other control measures) are jus-
tified and when they should be applied. 
Nevertheless, at orchard level the present standard control of 
fire blight is probably based on the application of copper and 
streptomycin (when allowed), most commonly still without the 
help of a warning system. The survey of orchards for detection 
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Fig. 6. Contral 01 lire blight (1996). 
Contral measures: 
CD to @) Sprays 
® and @ Sprays, or pruning out 01 
symptoms 
(J) Sanitation 
Overwintering 
Overwinterlng 
of symptoms and sanitation is usually associated with this chem-
ical contro!. 
2.2.2.2 Resistant cultivars 
The most obvious impact of the utilization of diversity in sus-
ceptibility among cultivars is probably the fact that, in areas 
Table 7. Some among the most susceptible cultivars in fire blight 
host plants 
Genus 
Cotoneaster 
Crataegus 
Malus 
Pyracantha 
Pyrus 
Sorbus 
Cultivars 
salicifolius floccosus 
salicifolius x Herbstfeuer 
bullatus 
oxyacantha 
grignonensis 
arkansana 
Abbondanza 
James Grieve 
Greensleeves 
Reinette Clochard 
Peau de Chien 
Tardive de la Sarthe 
Crittenden 
Red Sentinel 
atalantioiäes Gibbsii 
atalantioTdes Debussy 
angustifolia 
Venrouge 
Passe Crassane 
Doyenne du Comice 
Laxton's Superb 
Beurre Durandeau 
Nijiseiki 
Kumoi 
aucuparia domestica 
aria cretica 
Category 
Ornamentals 
Ornamentals, hedges 
Dessert apples 
Cider apples 
Crab apples 
Ornamentals 
Eurapean pears 
Asian pears 
Ornamentals 
6.1 
Colonization 
Infectlon 
Incubatlon 
Dissemination 
Infectlon 
Incubatlon 
Table 8. Breakdown of recently released apple and pear varieties 
into classes of resistance to fire blight (France, 1996) 
% 01 cultivars Resistant Moderately resistant Susceptible Variable 
Apple (*) 
Pear (**) 
48 
10 
(*) Total number: 65 
(**) Total number: 20 
12 
35 
19 
50 
21 
5 
where fire blight is a threat, the most susceptible cultivars are not 
grown (either for pear, apple, or ornamentals) (Table 7). Some-
times they are forbidden by plant protection regulations. 
Surprisingly, however, those cultivars with a good level of 
resistance are not systematically preferred. For example, the new 
resistant pear cultivar Harrow Sweet, from Canada is not at pre-
sent being commonly planted in Europe, in spite of the presence 
offire blight. Similarly, apple cultivars which are presently most 
planted (Fuji, Gala, Braeburn ... ) are sometimes quite suscepti-
ble to the disease. This applies also to rootstocks for apple, where 
M 9 and M 26, both very susceptible, are still the most used root-
stocks for new plantations. Probably, fire blight is not considered 
a severe enollgh risk to prevent the grower from choosing the va-
riety which he considers to be of best commercial value. And, ob-
viously, this is a dangerolls way of managing an orchard, lInless 
the grower is ready to carefully follow gllidance for fire blight 
contro!. Table 8 indicates the breakdown of presently available 
apple and pear cultivars (in France) into classes in susceptibility 
to the disease. 
2.2.2.3 Practical control 
Practically then, (this applies mostly to European countries) con-
trol of fire blight relies on: i) the ban of a few very susceptible 
varieties, either on a volontary or on a reglementary basis, ii) sur-
veys in the orchard and surroundings for an appreciation of the 
presence and activity of the disease in the area, and iii) chemical 
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sprays (copper, streptomycin) associated with pruning for sani-
tation, or pruning alone in mild cases. 
Therefore, to say the least, the use of antibodies did not change 
fundamentation our approach to fixe blight controls. The reasons 
for this contrast with animal pathology are multiple. Among 
them is a reluctance to spray, in the open, a potentially very ac-
tive chemical-an action which may modify microbial ecology. 
This is the reason for the ban (or strict regulation) of use of an-
tibiotics in plant pathology in several countries. Besides, antibi-
otics, although very active in vitra, are less efficient in planta be-
cause they do not circulate as they do in the blood of anima!. 
They must be sprayed at the right moment, and this is a major 
problem with chemcials whatever their efficiency. 
In the long run, it seems that the removal of the most suscep-
tible cultivars has been the most efficient in keeping the disease 
to an acceptable economic level. To grow a very susceptible cul-
tivar in certain dimatic areas in Europe remains an unsafe exer-
cise, in spite of dear improvement in methods of control. 
Conclusion 
In this paper we have tried to ans wer the question: "Wh at have 
we learnt about fire blight during the last 75 years?" It would be 
much more interesting to answer the question: "What will we 
know about fire blight in 75 years"! But it is also much more dif-
ficult. 
My personal point 01' view is that we may have: 
• One certitude, the extension of fire blight in the world will be 
alm ost the same as the extension of Maloideae in the world. 
• One expectation, the interactions of Erwinia amylovora with 
its host will be bettel' understood, because of explanations of 
both pathogenicity of the bacteria and defense of the plant. 
• One hope, this will be helpful to: design new chemical (01' bi-
ological) tools, trace the origin of epidemics, follow the evo-
lution 01' the pathogen in front of resistance genes and create 
high quality cultivars with specific but stable resistance to fire 
blight. 
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